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(54) Upward-folding successive approximation optical analog-to-digital converter and method 
for performing conversion 

(57) An optical analog-to-digital converter (10) 
which fully operates in the optical domain and utilizes an 
upward-folding successive approximation approach for 
conversion. The converter (10) includes a plurality of 
optical stages (14, 16, 18) where each stage (14, 16, 
18) generates a digital bit. Each stage (14, 16, 18) 
includes an optical threshold switch (30, 56, 78) that 
sets the bit high when the switch (30, 56, 78) is closed. 
When a sample amplitude of the analog signal is com- 
pared to a threshold value and found to exceed the 
threshold value, the bit is set to "high" and the sample is 
passed directly onto the next stage (14, 16, 18). If the 
sample amplitude is found to be less than the threshold 
value, the bit is set to "low" and an intensity equal to the 
maximum signal intensity minus the threshold intensity 
is added to the sample amplitude. Each successive 
stage (14, 16, 18) compares the normalized signal sam- 
ple to thresholds growing closer and closer to the maxi- 
mum signal intensity. Multiple bits can be obtained by 
cascading stages. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] This invention relates generally to an optical 
analog-to-digital converter and, more particularly, to an 
optical analog-to-digital converter that uses an upward- 
folding, successive approximation conversion 10 
approach. 

2. Discussion of the Related Art 

[0002] Rapid advances in technology, particularly the 15 
need for greater processing speeds, increased channel 
bandwidths and improved transmission reliability, have 
resulted in a steadily growing focus on the optical 
domain and the vast potential therein. Optical technol- 
ogy, a relatively new field compared to electrical, radio 20 
frequency (RF)-based technology, lacks maturity in var- 
ious areas. In particular, the promise of high-speed, 
large-bandwidth processing advances with digital optics 
has been hampered by the lack of many basic technol- 
ogies readily available in the RF domain. 25 
[0003] The optical analog-to-digital converter is one 
such area which has presented problems. In particular, 
conventional optical systems rely on digitization in the 
electrical/RF domain, resulting in slower, lossier and 
noisier conversions back and forth between the optical 30 
and RF domains. Moreover, conventional successive 
Approximation - analog-to-digital converters utilize a 
"downward-folding" approach to test the sampled ana- 
log signal against a specific threshold. If the sample is 
below the threshold, the bit is set to "low" and the sam- 3s 
pie is passed directly to the next stage. If the signal 
amplitude is above the threshold, the bit is set to "high" 
and the system reduces the sample amplitude by the 
threshold value before passing it on to the next stage. 
Each successive stage tests the sample against thresh- 40 
olds growing closer and closer to zero. The algorithm for 
such a converter is difficult to implement in the optical 
regime because simple, robust methods of subtracting 
optical signals from one another have not been ade- 
quately developed. 45 
[0004] What is needed is an optical device which will 
convert an optical analog signal to an optical digital sig- 
nal with little or no reliance on RF technology or subtrac- 
tion techniques, will eliminate system complexity and 
will allow for high speed, large bandwidth processing so 
advances. 

SUMMARY OF THE INVENTION 

[0005] The preceding and other shortcomings of the ss 
prior art are addressed and overcome by the present 
invention which provides, in one aspect, an apparatus 
for converting an analog optical signal to a digital optical 



signal corresponding to the intensity of the analog sig- 
nal, including directing the analog signal to a series of 
optical stages. Each stage includes a laser for generat- 
ing a "high" binary signal when the intensity of the ana- 
log signal is greater than a threshold value and a "low" 
binary signal when the intensity of the analog signal is 
less than the threshold value. If the binary signal is set 
low, a specific amount of light from a second laser 
source is coupled in (or added to) the light of the original 
analog signal, thereby increasing the analog signal 
intensity by a fixed amount for the next stage in the 
series of stages. 

[0006] In another aspect, the present invention pro- 
vides a method for converting an analog optical signal 
into a digital optical signal corresponding to the intensity 
of the analog signal by generating the first bit (most sig- 
nificant) of the analog optical signal representative of 
whether the intensity of said analog optical signal is 
greater than or less than a predetermined threshold 
value. The intensity of the analog optical signal is 
increased whenever the intensity of the analog optical 
signal is less than the predetermined threshold value, 
and the signal is then passed on to the next stage of the 
process. To obtain the complete digital signal, the steps 
used for generating the first bit are repeated for a prese- 
lected number of iterations, changing only binarily 
weighted threshold values, and finally a digital signal 
representative of the intensity of the analog optical sig- 
nal is generated. 

[0007] In still another aspect, the present invention 
provides a converter for transforming an analog optical 
signal into a digital optical signal corresponding to the 
intensity of the analog signal. The analog signal is 
directed to a plurality of stages, where each stage 
includes an optical switch that receives a copy of the 
analog signal. The optical switch is transparent to a 
beam of light when the intensity of the analog signal is 
greater than a threshold value, and opaque to the beam 
of light when the intensity of the analog signal is less 
than the threshold value. A first laser source sends the 
beam of light to the optical switch. The beam of light is 
utilized to determine a first binary signal when the opti- 
cal switch is transparent and second binary signal when 
the optical switch is opaque to the beam of light. 
Depending on the signal represented by this beam, the 
original analog signal will either be passed to the next 
stage unchanged or will be combined with light from 
another source, thereby increasing this intensity a fixed 
amount, before being passed to the next stage in the 
plurality of stages. 

[0008] The foregoing and additional features and 
advantages of this invention will become apparent from 
the detailed description and accompanying drawing fig- 
ures below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

FIG. 1 is a general block diagram of an optical ana- 
log-to-digital converter utilizing an upward-folding 
successive approximation conversion approach in 
accordance with an embodiment of the invention; 
and 

FIG. 2 is a schematic block diagram of the optical 
analog-to-digital converter shown in Figure 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] The following discussion of the preferred 
embodiments directed to an optical analog-to-digital 
converter is merely exemplary in nature, and is in no 
way intended to limit the invention or its applications or 
uses. 

[001 1 ] Referring to FIG. 1 , an optical analog-to-digital 
(A/D) converter 10 utilizing an upward-folding succes- 
sive approximation conversion approach according to 
the invention is illustrated. The optical A/D converter 10 
receives a sampled analog optical input signal 12 and 
outputs a corresponding digital signal consisting of a 
series of B r B n bits, where B-j is the most significant bit 
(MSB) and B n is the least significant bit (LSB). The opti- 
cal input signal 12 is sampled from any suitable sampler 
(not shown), known in the art, such as a pulsed laser 
driving a Mach-Zehnder modulator. The input signal 12 
is typically a pulsed signal, but can be a continuous 
wave (CW) optical signal in certain applications. The 
optical signal 12 can have any suitable optical fre- 
quency for the purposes described herein and has a 
wavelength generally depicted as A^. The intensity of 
the optical signal 12 varies over time and can fall any- 
where in the range of zero to some predetermined max- 
imum intensity l max . The digital output is sent to a 
subsequent processing system (not shown) that either 
converts the optical digital output to an electronic signal 
or processes the digital optical signal in the optical 
domain depending on the application. The optical A/D 
converter 10 of the present invention operates fully in 
the optical domain. By utilizing an upward-folding suc- 
cessive approximation technique, the present invention 
avoids the problems associated with optical power sub- 
traction. The need for subtraction operations inherent in 
a conventional folding approach is therefore eliminated. 
[0012] As will be described in detail below, the sam- 
pled analog signal 12 is sent to a first stage where it is 
compared to a threshold value, If the analog signal 12 
exceeds the threshold value, a bit is set "high" and the 
sampled signal is passed directly onto a subsequent 
stage. If the sampled signal 12 is found to be less than 
the threshold value, the bit is set "low" and the intensity 
corresponding to l max minus the threshold value is 



added to the sampled signal 12. Multiple bits are 
obtained by cascading additional stages. Each succes- 
sive stage compares the modified analog signal sample 
to thresholds growing closer and closer to a maximum 

5 value l max . The optical A/D converter 10 is particularly 
useful in high speed digital optical links. By digitizing in 
the optical realm, higher bit rates can be achieved, 
lower noise levels can be realized and system complex- 
ity can be reduced. 

10 [0013] Figure 2 shows a schematic block diagram of 
the A/D converter 10. The optical A/D converter 10 
includes a series of successive conversion stages, 
where each stage generates one of the bits B-| -B n , start- 
ing with the MSB and proceeding to the LSB. A first 

is stage 1 4 generates the bit B 1 , a second stage 1 6 gener- 
ates the bit B 2 and a last stage 1 8 generates the bit B n . 
Other stages would typically be provided between the 
second stage 16 and the last stage 18, and the number 
of stages would depend on the desired resolution. The 

20 sampled input signal 12 is first applied to an optional 
hold device 20 that stretches the pulses in the input sig- 
nal 12 for synchronization of the input signal 12 to other 
optical signals in the stages 14, 16, and 18 as will be 
described in more detail below. 

25 [0014] The first stage 14 includes an optical coupler 
22 that receives the sampled input signal 12 from the 
hold device 20. A portion of the input signal 1 2 is tapped 
off of the signal 1 2 by the coupler 22 and is applied to an 
optical amplifier 24. The optical coupler 22 can be any 

30 suitable optical coupler for the purposes described 
herein, and may be a pair of cooperating fiber-optic 
cables in one embodiment. The coupler 22 only taps off 
a small portion of the fight intensity from the input signal 
12, and in one embodiment the tapped portion is about 

35 5% of the total intensity. The optical amplifier 24 ampli- 
fies the tapped portion of the signal 12 as a control 
beam 26 by a predetermined and fixed amount. In one 
embodiment, the gain of the amplifier 24 is set so that 
the control beam 26 has the same intensity as the input 

40 signal 12 applied to the coupler 22. Therefore, the con- 
trol beam 26 would also have an intensity value 
between 0 and l max . 

[0015] The control beam 26 is applied to an optical 
thresholding switch 30. Additionally, a low intensity laser 

45 beam 32 generated by a laser 34 is also applied to the 
thresholding switch 30. The laser beam 32 has a wave- 
length of A. B1 , and can be a pulsed beam or a CW beam. 
If the control beam 26 has an intensity greater than 0.5 
•max. * na t 'S halfway between no beam intensity and a 

so maximum beam intensity of the sampled input signal 
12, the thresholding switch 30 switches on to allow the 
laser beam 32 to pass through the switch 30 as a bit 
beam 36 having a "high" value. Likewise, if the intensity 
of the control beam 26 is at or below 0.5 l^, the 

55 thresholding switch 30 prevents the laser beam 32 from 
passing through the switch 30 and the bit beam 36 has 
a "low" value. The bit beam 36 is the output bit for the 
first stage 14. Therefore, if the laser beam 32 passes 
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through the optical switch 30, the bit B 1 is set, and if the 
bit beam 36 from the switch 30 is low, the output bit 
is not set 

[0016] In one embodiment, the optical thresholding 
switch 30 is a saturable absorber, well known to those 
skilled in the art. The saturable absorber switch 30 is 
opaque unless the light intensity impinging upon it is 
greater than some value that is designed into the switch 
30. Therefore, by knowing the projected intensity of the 
control beam 26 and the intensity of the laser beam 32, 
the switch 30 can be designed accordingly When the 
intensity of the control beam 26 is above 0.5 l max , then 
the absorber thresholding switch 30 turns from opaque 
to transparent, and the laser beam 32 passes through. 
Of course, the thresholding switch 30 can be any optical 
thresholding switch known to those skilled in the art. 
suitable for the purposes described herein, such as an 
electro-absorption modulator (EAM). As would be 
known to those skilled in the art, if the thresholding 
switch 30 is an EAM, the control beam 26 would need to 
be switched to an electrical signal by a suitable photo- 
detector or the like. 

[0017] The bit beam 36 from the thresholding switch 
30 is sent to an optical inverter 38. The optical inverter 
38 inverts the bit beam 36 so that if the bit beam 36 is 
on or high, an output bit beam 40 of the inverter 38, hav- 
ing a wavelength X n , is an optical low or off. Likewise, if 
the bit beam 36 is off or low, then the output beam 40 of 
the inverter 38 is on or high. The optical inverter 38 can 
be any suitable optical inverter, known in the art, such 
as a semiconductor optical amplifier (SOA) inverter, or 
"the optical inverter disclosed in U.S. Patent Application 
Serial No. (Attorney Docket No. 12-0855; 4675- 
000192). titled "A Saturable Absorber Based Optical 
Logic Inverter," and assigned to the assignee of this 
application, If the laser beam 32 is a pulsed beam, then 
the optical inverter 38 is a pulse inverting device. 
[0018] The inverted bit beam 40 is applied to an opti- 
cal amplifier 42 that amplifies the inverted bit beam 40 
to 0.5 l max if the inverted bit beam 40 is high, or 0.0 if the 
inverted bit beam 40 is low. The amplified inverted bit 
beam is applied to an optical summer 44. Additionally, 
the sampled input signal from the coupler 22 is also 
applied to the summer 44. The intensity of the sampled 
input 12 applied to the summer 44 will be less the small 
percentage tapped by the coupler 22, but these optical 
losses in the coupler 22 are calibrated out by adjusting 
the amplifier gains (24, 42, 54, 68) or the switch thresh- 
olds (30, 56, 78) in subsequent stages. Therefore the 
summer 44 can, for simplicity, be said to have an inten- 
sity value between 0.5 l max and l max . The output beam 
46 is the analog input beam to the second stage 1 6. The 
hold device 20 is important so that the pulses of the 
inverted bit beam can be synchronized to the pulses in 
the sampled input 12. The hold device 20 can be placed 
after the optical inverter 38 or the amplifier 42, and per- 
form the same function. The operation of the first stage 
14 described above can be summarized as follows. If 



the intensity of the sampled input 12 is 0.5 l max or less, 
the thresholding switch 30 remains opaque and does 
not pass the laser beam 32, and thus the bit B-, is low. If 
the intensity of the sampled input 1 2 is greater than 0.5 

5 lmax- the optical switch 30 closes, thus passing the laser 
beam 32 and setting the bit B A high. Therefore, the most 
significant bit will be switched high if the intensity of the 
sampled input 1 2 is greater than 0.5 l max . In order to fur- 
ther resolve the amplitude of the sampled input 12. sub- 

10 sequent bits are set high or low based on a continued 
narrowing of the original sample range 0.0 to 0.5 l max . 
To generate the narrowed sample input, the amplifier 40 
adds an intensity value of 0.0 or 0.5 l max to the sampled 
input 12 depending on whether the bit B 1 is high or low, 

15 by the optical inverter 38. Therefore, the output of the 
summer 44 will always be between 0.5 l max and l max . 
Subsequent stages will keep narrowing the previous 
range by half, a process known as "upward folding." 
[0019] The second stage input beam 46 is applied to 

20 an optical coupler 50 in the second stage 16. The oper- 
ation of the second stage 16 is the same as the first 
stage 14. A small portion of the input beam 46 is tapped 
off by the coupler 50 and is applied to an optical ampli- 
fier 52. In one embodiment, the optical amplifier 52 

25 amplifies the tapped portion of the beam 46 so that it 
has substantially the same intensity as the beam 46 to 
generate a second stage control beam 54. Therefore, 
the intensity of the second stage control beam 54 is 
between 0.5 l max and l max . The control beam 54 is 

30 applied to a second stage optical thresholding switch 
56, and a low intensity laser beam 58 from a laser 60 is 
applied to the switch 56. The switch 56 closes and 
passes the laser beam 58 if the intensity of the control 
beam 54 is greater than 0.75 l max . When the optical 

35 switch 56 closes, the laser beam 58 propagates through 
and exits the switch 56 as a bit beam 62 representing 
the second bit B 2 . Therefore, the bit B 2 is set high or low 
depending on the intensity of the input beam 46. The 
second stage 16 also includes an optical inverter 64 that 

40 inverts the bit beam 62, and sends an inverted bit beam 
66 to an optical amplifier 68. If the inverted bit beam 66 
is low, the optical amplifier 68 outputs a no intensity 
beam, and if the inverted bit beam 66 is high, the optical 
amplifier 68 outputs a beam having an intensity of 0.25 

45 Lax- Tn e amplified inverted bit beam from the amplifier 
68 is applied to a second stage summer 70 that also 
receives the input beam 46. Based on the discussion 
above, an output beam 72 from the summer 70 will have 
an intensity representation between 0.75 l max and l max . 

so [0020] As is apparent, the operation of the second 
stage 16 is the same as the operation of the first stage 
14, except that the threshold and calibration values of 
the various components are changed according to the 
successive approximation scheme. Further successive 

55 stages can be provided that are the same as the first 
stage 14 and the second stage 16, depending on the 
number of bits of resolution desired. The first stage 14 
determined whether the intensity of the sampled input 
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12 was between 0.0 and 0.5 l max or 0.5 l max and l max . Claims 
The second stage 16 determined whether the intensity 
of the "upward-folded" input 46 was between 0.5 l max 
and 0.75 l max or 0.75 

'max an d 'max- Successive stages 
would keep dividing the sampled range in half in this 5 
manner as many times as desired. For example, a third 
stage following the second stage 16 would determine 
whether the intensity of the sampled input 12 was 
between 0.75 l max and 0.875 l max or between 0.875 

•max l max . 10 

[0021] The last stage 18 determines the least signifi- 
cant bit B n . The stage 18 includes a low power laser 76 
and an optical thresholding switch 78. An input beam 80 
to the stage 18 is the control beam controlling the switch 
78. In this example, the output beam 72 from the sum- 15 
mer 70 is the input beam 80 controlling the switch 78. 
Assuming that the last stage 18 is the stage after the 
second stage 16, if the intensity of the beam 72 is 
between 0.875 l max and l max , the switch 78 will close, 
and a laser beam 82 generated by the laser 76 will pass 20 
through the switch 78 and the bit B n will be high. Other- 
wise, that is, if the intensity of the beam 72 is between 
0.75 

'max ar| d 0.875 l max , the bit B n will be low. If there 
are subsequent stages between the stage 16 and the 
stage 18, the switch 78 will close if the control beam has 25 
an intensity greater than 1-2* n l max . 
[0022] The selection of wavelengths used in the con- 
verter 10 is important to minimize interference effects. 
In particular, if the signals carried on different optical fib- 
ers are to be added together, in a power sense, the 30 
wavelengths of two or more signals being added must 
differ to avoid constructive and destructive interference 
effects. The bit wavelengths for the different stages 

(A, B1 , Xq 2 ^Bn) can be equal to one another and to 

the sample wavelength, Ac, because they are ail filtered 35 
out and not added back into the adjusted analog input 
signal. Each of the inverted bit wavelengths A^, X ]2 , ■ -, 
*-in-i)' however, must be different from each other and 
the sample wavelength A c . Therefore, an n-bit analog- 
to-digital converter 10 would require at least n different 40 
wavelengths. 

[0023] The optical analog-to-digital converter 1 0 of the 
present invention is not limited to a particular number of 
stages, but rather may be utilized to provide a digital sig- 
nal having any number of bits. Moreover, the threshold 45 
level of the thresholding switches and the amplifier gain 
levels are not limited to the values provided herein. For 
example, the amplifiers 24 and 52 that generate the 
control beams 26 and 54 may have their gains set so 
that the control beams 26 and 54 are not exact copies of so 
the original signals 12 and 46, so long as the threshold 
levels in the optical switches 30 and 56 are adjusted to 
compensate for this. 

[0024] It will be appreciated by persons skilled in the 
art that the present invention is not limited to what has 55 
been shown and described hereinabove, but the scope 
of invention is limited solely by the claims which follow. 



An optical analog-to-digital converter for converting 
an optical analog signal to an optical digital signal 
having a plurality of bits, said converter comprising: 

a first optical stage receiving a first stage opti- 
cal analog input signal, said first stage input 
signal having an intensity representation within 
a first predetermined beam range from a mini- 
mum beam intensity to a maximum beam 
intensity, said first optical stage including a first 
optical coupler separating a first control beam 
from the first stage input signal, said first stage 
further including a first optical thresholding 
switch receiving the first control beam and a 
first laser beam, said first thresholding switch 
emitting a first bit beam if the intensity of the 
first control beam is greater than a first stage 
intensity value, said first bit beam representing 
one of the bits of the digital signal; and 
a second optical stage receiving a second 
stage optical analog input signal, said second 
optical stage including a second optical coupler 
separating a second control beam from the 
second stage input signal, said second stage' 
further including a second optical thresholding 
switch receiving the second control beam and 
a second laser beam, said second thresholding 
switch emitting a second bit beam if the inten- 
sity of the second control beam is greater than 
a second stage intensity value, said second bit 
beam representing another one of the bits of 
the digital signal. 

The converter according to Claim 1 wherein the 
second stage input signal has an intensity repre- 
sentation within a second beam range from a mid- 
point of the first beam range and the maximum 
beam intensity, and wherein the second stage 
intensity value is greater than the first stage inten- 
sity value; and/or 

wherein the first stage further includes a) a first 
optical inverting device inverting the first bit 
beam and a first optical summer combining the 
first stage input signal and the first inverted bit 
beam, the combination of the first stage input 
signal and the first inverted bit beam being the 
second stage input signal, and wherein the 
second stage further includes a second optical 
inverting device inverting the second bit beam 
and a second optical summer combining the 
second stage input signal and the second 
inverted bit beam; and preferably 
further includes b) a first optical amplifier 
receiving the first inverted bit beam and the 
second stage further includes a second optical 



5 



BNSDOCID: <EP 0985956A1 J_> 



9 



EP 0 985 956 A1 



10 



amplifier receiving the second inverted bit 
beam, said first optical amplifier amplifying the 
first inverted beam to a first predetermined 
intensity value if the first inverted bit beam is 
high and said second optical amplifier amplify- 5 
ing the second inverted bit beam to a second 
predetermined intensity value if the second 
inverted beam is high; and/or 
wherein the first stage further includes aa) a 
first optical amplifier receiving the first control 10 
beam and the second stage further includes a 
second optical amplifier receiving the second 
control beam, said first optical amplifier ampli- 
fying the first control beam to a first predeter- 
mined intensity level and said second optical is 
amplifier amplifying the second control beam to 
a second predetermined intensity level; and 
wherein preferably bb) the first optical amplifier 
amplifies the first control beam to an intensity 
that is substantially the same as the intensity of 20 
the first stage input signal and the second opti- 
cal amplifier amplifies the second control beam 
to an intensity that is substantially the same as 
the intensity of the second stage input signal; 
and/or 25 
wherein aaa) the first and second optical 
switches are saturable absorbers, said first sat- 
urable absorber turning transparent if the first 
control beam is greater than a predetermined 
intensity and said second saturable absorber 30 
turning transparent if the second control beam 
is greater than a predetermined intensity; and 
wherein preferably bbb) the second stage satu- 
rable absorber turns transparent at a higher 
intensity than the first stage saturable 35 
absorber; and/or 

wherein the first thresholding switch emits the 
first bit beam if the first control beam has an 
intensity greater than an intensity halfway 
between the maximum beam intensity and the 40 
minimum beam intensity, otherwise the first 
thresholding switch does not emit the first bit 
beam, and wherein the second thresholding 
switch emits the second bit beam if the inten- 
sity of the second control beam is greater than 45 
an intensity halfway between the intensity half- 
way between the maximum beam intensity and 
the minimum beam intensity and the maximum 
beam intensity, otherwise the second thresh- 
olding switch does not emit the second bit so 
beam; and/or 

said converter further comprising a hold 
device, said hold device holding the optical 
analog signal for a predetermined period of 
time in order to stretch pulses in the analog sig- ss 
nal prior to the analog signal being applied to 
the first optical stage; and/or 
said converter further comprising a final optical 



stage receiving a final stage optical analog 
input signal, said final optical stage including a 
third optical thresholding switch receiving the 
final stage analog input signal and a laser 
beam, said third thresholding switch emitting a 
final bit beam if the intensity of the final stage 
input signal is greater than a final stage inten- 
sity value, said final bit beam representing 
another one of the bits of the digital signal; and 
wherein preferably i) the final stage intensity 
value is larger than the second stage intensity 
value or ii) the final optical stage is the nth 
stage of the converter, and wherein the third 
optical thresholding switch emits the final bit 
beam if the intensity of the final analog input 
signal is greater than 1-2' n times the maximum 
beam intensity. 

3. An optical system for converting an optical analog 
signal to an optical digital signal having a plurality of 
digital data bits, said system comprising a plurality 
of optical stages where each stage receives an 
analog input signal and outputs one of the digital 
data bits, a first optical stage receiving a sampled 
optical analog input signal representative of the 
optical analog signal and outputting a most signifi- 
cant bit, and a last optical stage receiving a last 
stage analog input signal and outputting a least sig- 
nificant bit, wherein the plurality of optical stages 
combine to perform an upward-folding, successive 
approximation conversion of the optical analog sig^ 
nal. 

4. The system according to Claim 3 wherein the opti- 
cal stages include an optical thresholding switch 
receiving a control beam and a laser beam, said 
thresholding switch outputting a bit beam repre- 
senting the data bit for that stage if the control beam 
is greater than a predetermined intensity; and 
wherein preferably: 

a) each optical thresholding switch is a satura- 
ble absorber, said saturable absorber switching 
from an opaque mode to a transparent mode if 
the control beam is greater than the predeter- 
mined intensity, said saturable absorber pass- 
ing the laser beam as the bit beam when the 
absorber is transparent; and/or 

b) each of a plurality of the stages include an 
optical inverter, said optical inverter receiving 
the bit beam from the thresholding switch and 
outputting an inverted bit beam, said inverted 
bit beam being amplified by an optical amplifier 
to a predetermined beam intensity and being 
combined with the input signal, wherein the 
combination of the amplified inverted bit beam 
and the input signal is the analog input signal to 
a successive optical stage and wherein the 
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analog input signal to each successive stage 
defines a narrower optical intensity range 
approaching a maximum optical intensity; 
and/or 

c) each of a plurality of the stages include an s 
optical coupler and an optical amplifier, said 
optical coupler tapping off a portion of the ana- 
log input signal and said optical amplifier ampli- 
fying the tapped portion of the analog input 
signal to a predetermined level to generate the 10 
control beam and wherein the optical amplifier 
preferably amplifies the control beam to sub- 
stantially the same intensity as the analog sig- 
nal applied to the coupler. 

75 

5. The system according to Claim 3 wherein the first 
optical stage sets the most significant bit high if the 
optical input signal has an intensity greater than the 
intensity hatfway between a maximum beam inten- 
sity and a minimum beam intensity, otherwise the 20 
first optical stage outputs a low bit, and wherein a 
second successive optical stage sets a second bit 
high if the intensity of the analog signal has an 
intensity greater than an intensity halfway between 

the intensity halfway between the maximum beam 25 
intensity and the minimum beam intensity and the 
maximum beam intensity, otherwise the second 
stage outputs a low bit; and 

wherein the system preferably has n number of 30 
optical stages, and wherein the last optical 
stage sets an output bit high if the intensity of 
the analog input signal to the last stage is 
greater than 1-2" n times a maximum system 
analog input signal intensity. 35 

6. An optical system for converting an optical analog 
signal to an optical digital signal, said system com- 
prising: 

40 

an optical thresholding switch receiving an 
analog control signal and an optical beam, said 
thresholding switch setting an optical binary bit 
high if the intensity of the analog control signal 
is greater than a threshold value and setting 45 
the optical binary bit low if the intensity of the 
analog control signal is less than the threshold 
value; and 

an optical device receiving the optical binary bit 
from the thresholding switch, said optical so 
device increasing the intensity of the analog 
signal if the binary bit from the thresholding 
switch is set low. 

7. The system according to Claim 6 wherein the opti- 55 
cal device includes an optical inverter receiving the 
binary bit from the thresholding switch and an opti- 
cal amplifier receiving an inverted binary bit from 



the optical inverter, said optical amplifier outputting 
an optical signal that is combined with the analog 
signal if the optical output of the inverter is set high; 
and/or 

wherein the thresholding switch is a saturable 
absorber that turns transparent when the ana- 
log control signal is greater than the threshold 
value, said optical beam being a laser beam 
propagating through the absorber to be the 
high optical binary bit when the saturable 
absorber is transparent; and/or 
said system further comprising an optical 
amplifier, said optical amplifier receiving a 
tapped portion of the optical analog signal and 
amplifying the tapped portion of the optical 
analog signal to a predetermined intensity 
level, said amplified tapped portion of the opti- 
cal analog signal being the analog control sig- 
nal; and 

wherein the optical amplifier preferably ampli- 
fies the tapped portion of the optical analog sig- 
nal to be substantially the same intensity as the 
optical analog signal, said amplified tapped 
portion of the optical analog signal being the 
analog control signal. 

8. A method of converting an optical analog signal to 
an optical digital signal having a plurality of digital 
data bits, said method comprising the steps of: 

sending the optical analog optical signal to a 
first optical stage; 

separating a portion of the optical analog signal 
from the optical analog signal and generating a 
first control beam from the separated portion of 
the optical signal; 

applying the first control beam to a first optical 
thresholding switch; 

applying a first laser beam to the first optical 
thresholding switch; 

closing the optical switch if the first control 
beam has an intensity above a first threshold 
value so as to pass the first laser beam through 
the optical switch as a first bit beam, said first 
bit beam being an output bit of the first optical 
stage. 

9. The method according to Claim 8 further compris- 
ing the steps of inverting the first bit beam, applying 
the inverted first bit beam to an optical amplifier, 
and adding the amplified inverted optical bit beam 
to the optical analog signal to generate the second 
stage optical signal; and/or 

said method further comprising the steps of 
sending an optical analog signal to a second 
optical stage, separating a portion of the sec- 
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ond stage optica! analog signal from the sec- 
ond stage optical analog signal and generating 
a second control beam from the separated por- 
tion of the second stage optical signal, applying 
the second control beam to a second optical 5 
thresholding switch, applying a second laser 
beam to the second optical thresholding 
switch, and dosing the second optical thresh- 
olding switch if the second control beam has an 
intensity above a second threshold value so as w 
to pass the second laser beam through the 
second optical switch as a second bit beam, 
said second bit beam being an output bit of the 
second optical stage; and 

wherein the intensity threshold value of the is 
second stage optical thresholding switch is 
preferably greater than the intensity threshold 
value of the first stage thresholding switch. 

10. A method for converting an analog optical signal 20 
into a digital signal corresponding to an intensity of 
said analog optical signal, comprising the steps of: 

generating a bit of said analog optical signal 
representative of whether the intensity of said 25 
analog optical signal is greater than or less 
than a predetermined threshold value; 
increasing the intensity of said analog optical 
signal if the intensity of said analog optical sig- 
nal is less than said predetermined threshold 30 
value; 

Seating the steps of generating a bit and 
increasing the intensity of said analog optical 
signal for a preselected number of iterations; 
and 35 
generating a digital signal representative of the 
intensity of said analog optical signal from said 
bits. 

1 1 . The method according to Claim 1 0 wherein the step 40 
of generating a bit includes setting the predeter- 
mined threshold value at 0,5 times a maximum ana- 
log signal intensity for a first iteration, and wherein 

the step of repeating the steps of generating a bit 
includes setting the predetermined threshold value 45 
to 0,75 times the maximum analog signal intensity 
for a next iteration, and progressively setting the 
predetermined threshold value to be a value half- 
way between the previous predetermined threshold 
value and the maximum analog signal intensity. so 
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